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(54) Method of purifying alkaline solution and method of etching semiconductor wafers 



(57) A method of purifying an alkaline solution is 
capable of extremely efficiently nonionizing metallic 
impurity ions in an alkaline solution at a low cost. A 
method of etching semiconductor wafers in turn is capa- 
ble of etching semiconductor wafers using the purified 
alkaline solution without deteriorating the quality of the 
semiconductor wafers. A reducing agent having an oxi- 
dation potential lower than a reversible electrode poten- 
tial of metallic ions existing in the alkaline solution is 
dissolved in the alkaline solution to thereby nonionize 
the metallic ions existing in the alkaline solution. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a method of purify- 
ing an alkaline solution by effectively nonionizing or 
removing metallic impurity ions in the alkaline solution 
and a method of etching semiconductor wafers which 
can etch them without deteriorating the quality of the 
semiconductor wafers using a purified alkaline solution 
purified by the purifying method. 

2. Description of the Related Art: 

Generally, a method of manufacturing semiconduc- 
tor wafers includes a slicing step for obtaining wafers of 
thin disk shape by slicing a single crystal ingot; a cham- 
fering step for chamfering a peripheral edge portion of 
the wafer obtained through the slicing step to prevent 
cracking and/or breakage of the wafer; a lapping step 
for flattening the surface of the chamfered wafer; an 
etching step for removing processing damages of the 
chamfered and lapped wafer; a polishing step for mirror- 
polishing the surface of the etched wafer; and a clean- 
ing step for cleaning the polished wafer to remove a pol- 
ishing agent and/or particles attached thereon. 

The etching step may involve an acid etching proc- 
ess using an acid etching solution or an alkaline etching 
process using an alkaline etching solution such as 
sodium hydroxide or the like. 

The acid etching is characterized by its high etching 
rate, so that it is difficult to uniformly etch over the entire 
surface of a wafer, thus causing a problem that the flat- 
ness of the wafer is reduced. For this reason, recently, 
an alkaline etching, which uses a sodium hydroxide 
solution, a potassium hydroxide solution, and an alky I 
ammonium hydroxide solution, and so on, is predomi- 
nantly employed because the alkaline etching does not 
deteriorate the flatness of the wafer. 

In the alkaline etching of semiconductor wafers 
mentioned above, an industrial alkaline solution availa- 
ble on the market, having a rather high metallic impurity 
concentration, is used as it is. Even an alkaline solution 
of electronic industrial grade used for etching semicon- 
ductor wafers actually contains metallic impurities of 
several tens of ppb to several ppm. 

Metallic impurities included in the alkaline solution 
may be nickel, chromium, iron, copper and so on. 

It has been revealed the fact that when a semicon- 
ductor wafer is etched using an alkaline solution con- 
taining such metallic impurities, metallic ions of some of 
metallic impurities such as copper, nickel or the like dis- 
solved in the alkaline etching solution diffuse deeply into 
the inside of the wafer, during the alkaline etching, to 
cause a deteriorated wafer quality so that the character- 
istics of semiconductor devices formed by the wafer are 
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significantly degraded. 

As measures to prevent a deteriorated wafer quality 
due to the alkaline etching solution as mentioned above, 
the use of a highly pure alkaline solution may be con- 

5 templated. However, such highly pure alkaline solutions 
available on the market are only extremely expensive 
ones of analysis grade, and the use of such an expen- 
sive alkaline solution for industrial use is not at all feasi- 
ble in terms of cost It has been found, in addition, that 

w even these highly pure alkaline solutions are not suffi- 
cient for preventing a deteriorated wafer quality. 

It is contemplated that to solve the problems of the 
prior art mentioned above, an alkaline solution should 
be more purified. Generally, it tends to think that the 

is purification of a solution requires to remove contami- 
nant metal impurities from the solution of interest. How- 
ever, according to a recent outcome of the present 
inventors' devoted researches, it was revealed that the 
mechanism of contaminating a silicon substrate with 

20 metallic impurities contained in an alkaline solution is 
caused by deposition of metallic ions existing in the 
alkaline solution as dissolved species on the surface of 
the silicon substrate by adsorption or electro-chemical 
reaction. 

25 It was found from this fact that an effect similar to 
substantial purification of an alkaline solution can be 
produced by transforming metallic impurities into a form 
which does not cause the contamination, even without 
removing metallic impurities from an alkaline solution. In 

30 other words, if impurity metallic ions existing in an alka- 
line solution are nonionized, the quality of semiconduc- 
tor wafers will not be deteriorated even if the wafers are 
etched using an alkaline solution physically including 
metallic impurities (fine solid metal impurities) therein. 

35 Thus, the present invention was completed. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
40 provide a method of purifying an alkaline solution which 
is capable of extremely efficiently nonionizing metallic 
impurity ions in an alkaline solution at a low cost, and a 
method of etching semiconductor wafers which is cap 
able of etching the semiconductor wafers using the puri- 
45 fied alkaline solution without deteriorating the quality 
thereof. 

To achieve the object mentioned above, the present 
invention is characterized by dissolving a reducing 
agent having an oxidation potential lower than a revers- 

so ible electrode potential of metallic ions existing in the 
alkaline solution to nonionize the metallic ions existing 
in the alkaline solution. 

The reducing agent, though depending on metallic 
ions existing in the alkaline solution, may be a strong 

55 reducing agent having an extremely low oxidation 
potential, for example, hypophosphites, dithionites, 
boron hydride compounds, aldehydes, hydrazine com- 
pounds and so on. These materials may be used indi- 



EP 0 864 533 A2 



2 



3 



EP 0 864 533 A2 



4 



vidually or in mixture. 

While the amount added to an alkaline solution 
depends on a used reducing agent and is not limited in 
particular as long as the effect of the present invention 
can be achieved, 2.5 g/liter or more is preferable when 
dithionites are used. If the dissolved amount of a reduc- 
ing agent is too small, the effect of the present invention 
cannot be sufficiently achieved. Conversely, an exces- 
sively large amount of dissolved reducing agent is dis- 
advantageous also from an economic point of view. 

A method of etching semiconductor wafer accord- 
ing to the present invention is characterized by dissolv- 
ing a reducing agent having an oxidation potential lower 
than a reversible electrode potential of metallic ions 
existing in the alkaline solution to nonionize the metallic 
ions existing in the alkaline solution, and etching semi- 
conductor wafers using the alkaline solution subjected 
to the nonionization. 

For the nonionization for the alkaline solution, the 
above-mentioned method of nonionizing an alkaline 
solution may be used. 

While impurity metallic ions to be nonionized in the 
present invention include nickel ions, copper ions, chro- 
mium ions, iron ions, and so on, it is particularly impor- 
tant from the viewpoint of the quality of silicon wafers, 
which are representative of semiconductor wafers, to 
nonionize nickel ions which have a large diffusion rate 
within a silicon crystal. 

The purification of an alkaline solution, as termed in 
the present invention, means that impurity metallic ions 
in an alkaline solution are nonionized. Even if impurity 
metallic elements exist in an alkaline solution in a phys- 
ical or solid state, a purified state, as termed in the 
present invention, is present unless they exist in a 
metallic ion state. 

The method of purifying an alkaline solution 
according to the present invention involves nonionizing 
metallic ions existing in an alkaline solution using a 
reducing agent, where a reaction by which the metallic 
ions are reduced by a reducing agent and deposited as 
nonions (metal) is expressed by the following chemical 
formula: 

M n+ m + R^M + 0 (1) 

where M n+ m represents metallic ions, R a reducing 
agent, and O an oxidant. 

For the reaction expressed by Formula (1) to occur, 
an oxidation potential of the reducing agent must be 
lower than a reversible electrode potential of the metal. 

For example, if nickel ions exist in an alkaline solu- 
tion as metallic impurities, the reversible electrode 
potential of nickel ions in the alkaline solution is 
expressed by: 

HNiCV + H 2 0 +2e = Ni + 30H" : -0.9 (E/V) (2) 

Thus, for reducing the metallic ions using a reducing 



agent to be deposited as nonions (metal), a reducing 
agent having an oxidation potential lower than -0.9 (E/V) 
may be dissolved in the alkaline solution. Taking sodium 
dithionite (Na 2 S 2 0 4 ) as an example of such a reducing 
5 agent, the oxidation potential of the sodium dithionite in 
the alkaline solution is expressed by: 

2S0 3 2 - + 2H 2 0 + 2e = S& 4 2 ~ + 40H' : -1.1 (E/V) (3) 

w so that the nickel ions are reduced and deposited as 
nonions (metal). 

The above and other objects, features and advan- 
tages of the present invention will become apparent 
from the following detailed description when read in 

75 conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph representing the relationship 
20 between the amounts of dissolved reducing agents 
and Ni concentrations in alkaline solutions in Exam- 
ple 1 and Comparative Example 1 ; and 
Fig. 2 is a graph representing the relationship 
between the amounts of dissolved reducing agents 
25 and Ni concentrations on wafers in Example 2 and 
Comparative Example 2. 

DETAILED DESCRIPTION OF THE INVENTION 

30 The present invention will hereinafter be described 
in more specific manner by way of the following exam- 
ples which should be construed as illustrative rather 
than restrictive. 

35 Example 1 (Purification of sodium hydroxide solution 
with sodium dithionite): 

A sodium hydroxide solution (45 %, 20 liters, 80°C) 
was respectively dosed with 20, 50 and 100 grams of 
40 sodium dithionite (Na^O*) to prepare solutions. 10 ml 
of the respective solutions were sampled, and diluted to 
45 times. Then, the nickel ion concentration was ana- 
lyzed by an ion chromatography. The results of the anal- 
ysis are shown in Fig. 1. 

45 

Comparative Example 1 : 

An analysis was made in a manner similar to Exam- 
ple 1 except that sodium dithionite (Na 2 S 2 0 4 ) was not 

so dosed in a sodium hydroxide solution. The results are 
shown together in Fig. 1. 

As is apparent from Fig. 1, it is understood that 
nickel ions in the sodium hydroxide solution are rapidly 
decreased or nonionized only by dissolving a small 

55 amount of sodium dithionite. In the graph, N.D. is an 
abbreviation which means that the measured data have 
been under a detection limit. 
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Example 2 (Etching using sodium hydroxide solution 
purified with sodium dithionite): 

A sodium hydroxide solution (45 %, 20 liters, 80°C) 
was dosed with 20, 50, 100 grams of sodium dithionite 
(Na 2 S 2 0 4 ), and two silicon wafers (Czochralski-grown, 
p-type. < 100>-oriented, 0.005-0.010 n cm, 200mm- 
diameter, lapped silicon wafers) were immersed in each 
of the solutions to etch the surfaces of the wafers for 10 
minutes, and amounts of contaminants on the wafers 
were examined. 

The wafers were evaluated in the following manner. 
One side of each etched wafer was subjected to sand 
blasting and then thermal oxidation at 600 °C to collect 
metal impurities diffused into the wafer during the etch- 
ing in a thermal oxide film formed on the sand-blasted 
surface of the wafer. The thermal oxide film was vapor 
phase decomposed with hydrofluoric acid vapor. The 
decomposed materials were collected with droplets 
including hydrofluoric acid. The collected materials 
were analyzed by ICP-MS (Inductively Coupled Plasma 
Mass Spectroscopy). The results are shown in Fig. 2. 

Comparative Example 2: 

An analysis was made in a manner similar to Exam- 
ple 2 except that etching solutions were prepared with- 
out sodium dithionite (Na 2 S 2 04). The results are shown 
together in Fig. 2. 

As is apparent from Fig. 2, it can be confirmed that 
a nickel concentration is largely reduced on a wafer 
etched with the sodium hydroxide solution dosed with 
sodium dithionite. In the graph, N.D. is an abbreviation 
which means that the measured data have been under 
detection limit. 

It is found that the present invention enables metal- 
lic ions in an alkaline solution to be extremely efficiently 
nonionized at a low cost, and that semiconductor wafers 
can be etched without deteriorating the quality thereof 
using the thus purified alkaline solution. 

As described above, the method of purifying an 
alkaline solution according to the present invention is 
advantageous in that metallic ions (nickel, chromium, 
ion, copper and so on) in an alkaline solution can be sig- 
nificantly reduced through simple manipulations in a 
short time and at a low cost even if a large amount of 
alkaline solution should be treated. Also, according to 
the method of etching semiconductor wafers of the 
present invention, the amount of metal contaminants 
due to the etching of semiconductor wafers is signifi- 
cantly reduced by using an alkaline solution with a lower 
metallic ion concentration during the etching, without 
any deterioration in wafer quality or deterioration in 
characteristics of semiconductor devices. 

Obviously, various minor changes and modifica- 
tions of the present invention are possible in the light of 
the above teaching. It is therefore to be understood that 
within the scope of the appended claims the invention 
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may be practiced otherwise than as specifically 
described. 

Claims 

5 

1 . A method of purifying an alkaline solution compris- 
ing the steps of: 

dissolving a reducing agent in an alkaline solu- 
w tion, said reducing agent having an oxidation 

potential lower than a reversible electrode 
potential of metallic ions existing in said alka- 
line solution; and 

nonionizing said metallic ions existing in said 
is alkaline solution. 

2. A method of purifying an alkaline solution according 
to claim 1 , wherein said reducing agent is one kind 
or two or more kinds of reducing agents selected 

20 from a group consisting of dithionites, hypophos- 
phites, boron hydride compounds, aldehydes and 
hydrazine compounds. 

3. A method of purifying an alkaline solution according 
25 to claim 1, wherein said reducing agent is 

dithionites, and a dissolved amount thereof is 2.5 
grams/liter or more. 

4. A method of purifying an alkaline solution according 
30 to any one of claims 1-3, wherein said metal ions 

are nickel ions. 

5. A method of etching semiconductor wafers com- 
prising the steps of: 

35 

dissolving a reducing agent in an alkaline solu- 
tion, said reducing agent having an oxidation 
potential lower than a reversible electrode 
potential of metallic ions existing in said alka- 
40 line solution; 

nonionizing metallic ions existing in said alka- 
line solution; and 

etching semiconductor wafers using said alka- 
line solution subjected to the nonionization. 

45 

6. A method of etching semiconductor wafers accord- 
ing to claim 5, wherein said reducing agent is one 
kind or two or more kinds of reducing agents 
selected from a group consisting of dithionites, 

so hypophosphites, boron hydride compounds, alde- 
hydes and hydrazine compounds. 

7. A method of etching semiconductor wafers accord- 
ing to claim 5, wherein said reducing agent is 

55 dithionites, and a dissolved amount thereof is 2.5 
grams/liter or more. 

8. A method of etching semiconductor wafers accord- 
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ing to any one of claims 5 - 7, wherein said metal 
ions are nickel ions. 
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